ABSTRACT: Legume species belonging to the genus Lupinus are annual herb plants. The majority of them are indigenous to the Americas. They are known for nitrogen-fixing symbioses with soil bacteria collectively called rhizobia. The aim of this study was to characterize a rhizobium strain isolated from Lupinus albescens using phenotypic, symbiotic and molecular approaches. Strain UFSM LA 1.3 was tested in vitro according to several parameters: colony size, color and growing rate; acid or alkaline reaction in yeast mannitol media supplemented with bromothymol blue; gum production. Molecular characterization was evaluated by PCR technique using primers BOX A1-R and sequence analysis of the 16S-23S rDNA intergenic region (ITS). ITS sequencing fragments showed genetic similarity with Bradyrhizobium sp. The polymorphism observed by BOX-PCR have shown that strain differs from the reference strain SEMIA 928 and SEMIA 938. The symbiotic efficiency under axenic conditions of UFSM LA 1.3 was 94.6%, without statistical differences compared to the mineral nitrogen fertilized control, to which was applied solution of 400 mg of ammonium nitrate. 
Introduction
The Southwest region of the state of Rio Grande do Sul (RS), Brazil, has about 5.2% of the area occupied by sandy soils. Lupinus albescens H. et Arn, a wild species, has been used in the recovery of sandy soils due to its strong adaptability to sandy soils, reducing eolic erosion and fixing nitrogen when associated to rhizobia (Rovedder and Eltz, 2008) .
Microsymbionts from Lupinus spp. are little characterized (Zakhia and Lajudie, 2001 ), but some species were isolated from lupin species such as Bradyrhizobium, Rhizobium, Ochrobactrum and Mesorhizobium (Tujilo et al., 2005; Jarabo-Lorenzo et al., 2003; Stepkowski et al., 2007; Jordan, 1984) . Characterization of rhizobia is fundamental in diversity and identification studies of these microorganisms (Lammel et al., 2007) . Rhizobia can be distinguished not only based on morphology and growth in yeast mannitol agar (Fred and Waksman, 1932) , but also using molecular biology techniques for strain characterization. Primers corresponding to consensus repetitive sequences dispersed in the eubacteria genome, known as BOX (enterobacterial repetitive sequences) create characteristic patterns when separated in agarose gels, providing discrimination on strain level (Versalovic et al., 1991) . Sequences of 16S rDNA are highly conserved among bacteria (Woese, 2006) and genetic variation within this gene is not always sufficient to differentiate strains within a species. Sequence analysis of the internally transcribed spacer (ITS) region between the 16S and the 23S rDNA is useful in studies of phylogenetic relationships among isolates and reference strains (Honeycutt et al., 1995; Kwon et al., 2005) . A high sequence variation in the internally transcribed spacer (ITS) region has been observed in bradyrhizobia strains what makes ITS region a informative tool of Bradyrhizobium taxonomic (Willems et al., 2001) . Native rhizobia able to nodule L. albescens are not described yet. The objectives of this study are to characterize a L. albescens isolate by phenotypic and molecular methods and evaluate its symbiotic efficiency.
Material and Methods
L. albescens plants were collected in an experimental area located in Alegrete, RS, Brazil (29º39'58" S, 55º23'43" W) in a degraded area under sandy erosion processes. The region climate is classified by Köppen as Cfa, humid subtropical without dry season, with a raining fall about 1,400 mm per year (Rovedder and Eltz, 2008) . The soil of the experimental area is a Quartzipsamments with pH of 4.5, 947 g kg -1 sand, 48 g kg -1 clay, and 8 g kg -1 of organic matter. Fresh root nodules were collected from lupin plants and kept on silica gel. Rhizobia were isolated on 79 medium (Fred and Waksman, 1932) using standard procedures and purified by repeated streaking (Somasegaran and Hoben, 1994) . To confirm their purity, isolates and reference strains were streaked on 79 agar supplemented with 0.025 g L -1
of Congo red dye and 79 agar supplemented with 0.1 g L -1 of bromothymol blue (Somasegaran and Hoben, 1994) . Pure cultures were stored at -20ºC in 25% glycerol 79 broth and remain in a Germoplasm Bank.
The pure cultures were tested for the ability of nodulation and leghemoglobin formation, performed using the authentication of isolated. Seeds of L. albescens were surface-sterilized, pregerminated, and transferred into plastic pots containing a mixture of sterilized vermiculite and sand (2:1). After 48h pots were inoculated with bacterial culture grown in 79 broth (Fred and Waksman, 1932) . Plants were maintained in a greenhouse and were supplied with N-free plant nutrient solution once a week (Sarruge, 1975) . From the 265 isolateds in the first study, 50 showed characteristics to be Bradyrhizobium sp, but after submitted to authentication tests with L. albescens, only one (UFSM LA 1.3) fit in this gender and was chosen for analysis in this study.
Bradyrhizobium sp. strains SEMIA 928 and SEMIA 938 were used as reference strains able to nodulate and fix nitrogen in lupin plants. They are recommended by the Brazilian Ministry of Agriculture, Livestock and Provisioning as inoculants for European species of Lupinus, mainly L. albus and L. angustifolius. Rhizobium leguminosarum SEMIA 265 was also used as a genus comparison strain and is recommended as inoculant for Trifolium pratense. All the reference strains were obtained from the Biological Nitrogen Fixation Center / Fundação Estadual de Pesquisa Agropecuária (Fepagro), RS, Brazil.
UFSM LA 1.3 was tested for Gram reaction, cell shape, colony size, growing rate, pH range in 79 medium (Fred and Waksman, 1932) with bromothymol blue; presence of gummy substances and colony color (Somasegaran and Hoben, 1994) . The strains were grown by seven days at 28ºC in a YEM agar medium supplemented with Congo red dye (Somasegaran and Hoben, 1994) . The strain UFSM LA 1.3 was cultivated in 79 broth during 7 days at 28ºC. DNA isolation was carried out by CTAB modified method (Moreira, 1998) . DNA samples were kept at -20ºC.
rep-PCR reactions were carried out using repetitive extragenic palindromic-PCR (BOX A1) primer [5' CTACGGCAAGGCGACGCTGACG 3' (Versalovic et al., 1994) ]. The reactions were performed in a 25-μL volume, containing 50 ng of DNA template, 1 U Taq DNA polymerase, 1 X Taq DNA polymerase buffer, 15 mmol L -1 MgCl2, 200 mmol L -1 dNTPs (Life Technologies) and 10 pmoles of each primer. A total of 37 cycles took place, as follows: one initial denaturation cycle at 95ºC for 7 min, 35 cycles of denaturation at 94ºC for 1 min, annealing at 53ºC for 1 min., and extension at 65ºC for 8 min., and one final extension cycle at 65ºC for 16 min. Reactions were performed in a termocycler (MJ Research, INC. PTC -100MT) and the fragments were visualized after electrophoresis. A molecular size marker (1 Kb Plus DNA ladder, Gibco BRL) was run in all gels. The bands were analyzed by Gelpro-3.2 program (Media Cybernetics). The band profile in BOX-PCR gel was transformed in a bidimensional binary matrix, were 0 indicates the band absence and 1 the presence and the grouping carried out by PAST 1.69 (Palaeontological Statistics), using the algorithm UPGMA (Unweighted PairGroup Method with arithmetic mean) and Simpson coefficient.
ITS region 16S-23S rDNA was amplified with FGPS1490 [5'TGCGGCTGGATCACCTCCTT3', corresponding to 3' end of 16S rDNA (Parker, 2002) ] and FGPS132'-38 [5'CCGGGTTTCCCCATTCGG3', corresponding to 5' end of the 23S rDNA (Normand et al., 1992) ]. The cycles were: one initial denaturation cycle at 95ºC for 3 min, 35 cycles of denaturation at 94ºC for 1 min., annealing at 55ºC for 1 min., and extension at 72ºC for 2 min., and one final extension cycle at 72ºC for 3 min. The fragment was sequencing using Mega BACE 500 (Amersham Biosciences). The UFSM LA 1.3 sequence was added to the GenBank -NCBI (accession number EU367996). Partial nucleotide sequences of the ITS 16S-23S rDNA from strains of Bradyrhizobium sp. sion numbers: AJ534606, AJ534607, AY386734); B. elkanii (GenBank accession numbers: AF293373, AF293374, AF293376); B. betae (GenBank accession number: AJ631967); B. japonicum (GenBank accession numbers: AF208507, AF208509, AF208506) were accessed and utilized in a cladogram construction. Nucleotide sequence homology searches in sequence databases were done with programs BLAST 2.0 and Megablast algorithm. The selected sequences were aligned by ClustalW algorithm and the phylogenetics relationships were accessed using Neighbor-joining method carried out by MEGA 4.0 (Tamura et al., 2007) .
Evaluation of the capacity and symbiotic efficiency of rhizobial strain UFSM LA 1.3 and reference strain SEMIA 938 was performed in a greenhouse essay. Seeds of L. albescens were surface-sterilized, pregerminated, and transferred into plastic pots with a capacity of 1.5 L, containing a mixture of sterilized vermiculite and sand (2:1). After 48h pots were inoculated with bacterial grown in 79 broth (Fred and Waksman, 1932) . Plants were maintained in a greenhouse and were supplied with N-free plant nutrient solution once a week (Sarruge, 1975) . Positive control received a solution of 400 mg of ammonium nitrate per pot during all the experiment as N source.
After 55 days plants were harvested and dried at 65ºC until they reached a constant weight, ground to pass through a 0.5-mm sieve, and analyzed for nitrogen accumulation (Tedesco et al., 1995) . The number of nodules, nodule dry weight, and dry matters were also measured. Statistical significance was determined by using the analysis of Scott-Knott test (p < 0.05). The index proposed by Brockwell et al. (1966) was used to characterize the relative symbiotic efficiency.
Results and Discussion
When submitted to BOX-PCR analysis strain UFSM LA 1.3 showed a very particular band profile comparing with reference strains SEMIA 928 and 938 ( Figure  1 ). The reference strains SEMIA 928 and SEMIA 938 presented low polymorphism using this technique and could represent the same strain; only SEMIA 938 was kept for greenhouse experiments.
UFSM LA 1.3 DNA amplification presented nine bands with sizes ranging between 4888 and 192bp. This pattern was unique for this strain and it has been not observed in any other. Rhizobium sp. strain presents seven bands well defined with the size of 4507, 3643, 3320, 2791, 1335, 1053 and 192 bp. Two groups were formed with 60% molecular similarity, where the UFSM LA 1.3 isolated presented an 80% similarity with reference strains SEMIA 938 and 928 (Figure 2) . The BOX-PCR analysis was efficient to discriminate the isolates, even though it is not always adequate to phylogenetic approaches (Fernandes et al., 2003) .
Most rhizobial strains contained one type of ITS region sequence (Kwon et al., 2005) which makes this region a very useful marker for phylogenetic analysis in these bacteria. A fragment of 846bp of the ITS sequence 16S-23S rDNA was obtained. Constructing the phylogeny with the aligned UFSM LA 1.3 sequence and sequences obtained from GenBank showed that the lupine isolate was closely related to Bradyrhizobium sp. ORS 199 (95% homology) and Bradyrhizobium sp. ORS 3257 (92% homology) (Figure 3) . Jarabo-Lorenzo et al. (2003) studied bradyrhizobia species isolated from Lupinus spp. and indicated that the Bradyrhizobium strains nodulating this legume represent a huge heterogeneity and their phylogenetic relationships is far from being solved. Based on the experiments performed for phenotypic characterization strain, UFSM LA 1.3 presented a slow colony growing rate with generation time of 10-14h forming convex, cream color, single, circular and mucoid colonies, reaching diameter of 1-2 mm after seven days of incubation at 28ºC on 79 agar. It presented basic reaction in 79 media supplemented with bromothymol blue and low gum production. Bradyrhizobium genus presents these characteristics with exception of the cream color not frequently observed in this genus (Yao et al., 2002) , although it has already been described to Bradyrhizobium strains isolated from Macroptylium atropurpureum in Amazonia (Lima et al., 2005) .
Efficiency essays on biological nitrogen fixation have been carried out to select potential strains in inoculants production (Lima et al., 2005) . UFSM LA 1.3 and SEMIA 938 were tested about shoot dry matter obtained and nitrogen content, symbiotic efficiency and number of nodules (Table 1) . Strain UFSM LA 1.3 produced approximately 40% more shoot dry matter weight than SEMIA 938 without N supply. Strain SEMIA 938 did not differed to the negative control treatment.
Total N of the shoot matter of L. albescens demonstrated that strain UFSM LA 1.3 was similar to the positive control supplemented with N, presenting a concentration of 31.9 g kg -1 and a relative symbiotic efficiency of 94.2%. However, SEMIA 938 had similar results to the control (without N), with a N concentration of 24.2 g kg -1 with absence of nodule formation, demonstrating that strain SEMIA 938 is not an efficient L. albescens symbiont (Table 1) . Bradyrhizobium strains isolated from Amazonian soils had symbiotic efficiency nearly 100% and a nitrogen accumulation higher than 30 g kg -1 (Lima et al., 2005) .
Nodule formation processes depend and vary in function of plant genotype and strains involved, as well as environmental factors (Moreira and Siqueira, 2006) . In this way, soil and climatic conditions found in the Pampa region could have contributed to the rhizobia natural selection of symbiotic strains to L. albescens. The SEMIA 938 was isolated from L. albus in the United States (Menna et al., 2006) , what may explain its inefficiency in nodule formation and nitrogen fixation in L. albescens.
Usually a search for efficient rhizobia involves screening of a large number of isolates. Once isolates are purified, the main goal is to keep the maximum genetic diversity in the minimum number of isolates for further biological essays (Barriuso et al., 2005) . In the present study we worked with only one isolate aiming to obtain an initial characterization of bacteria that can be able to fix nitrogen in association with L. albescens in Southwest RS, Brazil. In the present study, strain UFSM LA 1.3 is able to establish an effective N fixation in symbiosis with plants of the genus L. albescens, an important legume growing in a sandy area being used in the recovery of sandy soils of RS. Further studies about the performance of the rhizobia community in situ will uncover the potential of biological nitrogen fixation in this area. Values in the same column followed by the same letter did not differ (p = 0.05, Scott-Knott test). Data presented are mean of four replicates for each strain. 
Conclusions
The UFSM LA 1.3 isolate had a high efficiency in the biological N fixation for Lupinus albescens, and showed phenotypic and molecular characteristics that allow locating this isolate in the Bradyrhizobium genus. The isolate presented low phylogenic relationship with described species for this genus until now, probably belonging to new Bradyrhizobium specie found in soil and climatic conditions under sandy soils and in Lupinus albescens plants.
